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Abstract 
This study focuses on constructability terms of construction safety. Safety here is not only a occupational safety but within the 
scope of the safety dimension that worker, property, environmental and public. The purpose of this study was to evaluate the 
project constructability issues associated with Kelok-9 bridge construction safety problems and evaluate the implementation of 
the project if the contractor can do the appropriate design and implement construction safety. From these results it can be 
concluded: Constructability evaluation of the safety construction on the Kelok-9 bridge project quite good but design projects not 
yet incorporate the experience and knowledge of the construction in terms of construction safety. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of the 2nd International Conference on Sustainable Civil Engineering 
Structures and Construction Materials 2014. 
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1. Introduction 
On the positive competition in the world of professional construction services, many construction projects are 
carried out with the traditional approach planning consultants and contractors contracted separately. A study of 61 
consultant planners in Indonesia illustrates that 67% of the types of construction contracts signed is a traditional type 
of contract [1]. Coupled with the circumstances in which the construction phase usually has a lag time for months or 
even years in the planning phase. Contractors are usually not involved in the planning process until planning is 
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complete. This raises the issue of separation and isolation breakdown of communication between professionals in 
the development of construction techniques that result in a delay in project completion time and the swelling costs, 
not to mention the claim and issue addenda and extra-work. 
Research conducted by Wells (1986) in some developing countries indicates that the separation between the 
functions of the design with the function of the construction has caused some insulation to the professionals in the 
development of new techniques. Wells also mentioned that all the design responsibilities separated from the 
responsibility to build / construction, then the executor lose the opportunity to introduce, provide input or express 
innovation in the presence of dominant stakeholders involved in the planning process that the architect / designer 
and owner. Therefore, the application of constructability concepts from the beginning can be very helpful in 
building teamwork with a vision to achieve the project objectives. 
In construction projects, especially bridges, constructability of construction safety is necessary because many 
bridge projects adjacent to the hazard. If the contractor is not involved the design stage to provide input on the 
construction experience of the dangers to be faced at work, then at the stage of implementation are likely to be many 
accidents and find a lot of obstacles. 
One of the high-tech bridges located in West Sumatra is Kelok 9 Bridge. This project is a complex bridge project 
due to the natural topography of West Sumatra that is located in Bukit Barisan which in term of geological aspect is 
prone to natural disaster (type of soil binds relatively low cohesion). Moreover, West Sumatra is located in 
Semangko Fault area which is prone to tectonic earthquakes. If the terms of an existing road right now, conditions 
are narrow and steep curves. The complexity of this project can also be seen from the bridge structure type to be 
created differently for each exposition that is the Box- girder RC, PC Box - Girder, PCI - Girder and Arch Bridge. 
Due to the above conditions as the construction safety factor is required in the process of construction of the 
Kelok 9 Bridge project, where the project from start to finish takes a team of experts in the field of construction 
safety so that in each construction process has been considered in terms of construction safety .Safety was 
instrumental in the construction of this project because the project must consider the safety of workers due to the 
work of this project includes a high degree of hazard. So also with the existing traffic, obviously interfere with the 
implementation of this project in which the possibility of blasting on high cliffs that can interfere with the comfort 
and safety of people passing around a project. Safety project property must also be kept as equipment projects, while 
building the project (site layout), building projects, and property of other parties involved in the project. Forests that 
surround the project are protected forest where the government protects the forest and the animals that exist. 
Because it is in the implementation of the project should pay attention to the actions taken so as not to interfere with 
the safety of the environment, especially the safety of the ecosystem. 
To avoid accidents and various dangers in the construction process that could lead to loss of property, objects and 
human lives the concept of constructability can be implemented to achieve the project objectives. One of the success 
rate of a construction project can be viewed in terms of construction safety is not an accident if the construction 
(zero accident) in the implementation of the project or at least minimize the occurrence of accidents in the 
construction process. 
2. Literature 
Constructability concept was first introduced in the USA and the UK in late 1970. It grew out of the study, how 
to improve the cost efficiency and quality in the construction industry [2]. By CII constructability 
is:"constructability is the use of knowledge and experience in the optimal construction stages of planning, design, 
procurement, and implementation of the field to achieve overall project objectives". According to the CII study in 
1996, with the implementation of the project constructability specifically have reported savings of 6-10 % of the 
cost of construction [3]. While the savings are recorded in the implementation of constructability, project cost 
approximately 4.3% and 6.5% schedule. These savings need about 5-10 % of the investment costs incurred during 
the implementation of constructability. 
Construction industry has different properties from other industries. Of the nature, the construction industry is not 
an industry that is safe, because it takes a science that includes construction safety guidelines in accordance with the 
regulations that apply to the construction area. 
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Based on the recent development of construction safety research, the concept of construction safety both at the 
policy level and implementation is needed. In this case, the safety of the construction should be seen not only 
occupational safety but the safety of the total system of construction (total safety of construction systems). Thus, the 
safety of the construction will have dimensions of (i) safe for people, (ii) safe for the public, (iii) safe for the 
property, and (iv) safe for the environment. Safety for people to understand including safety from danger (hazard) 
which can leads to accidents and occupational diseases. In addition, construction safety should be viewed as a whole 
throughout the life cycle of the building woke up (built assets), starting from conception, planning, design, 
procurement, implementation, operation and maintenance, deconstruction and reconstruction. The dimensions of the 
construction safety can be described in Fig. 1 
 
 
 
 
 
Fig. 1. Dimension construction safety. 
Source: Suraji and Widayatin (2010) 
3. Method of research 
This study used a descriptive method. Descriptive research is a research that describes a symptom, facts, events 
or occurrences that are or have happened. In other words, descriptive research is revealed as is or without 
manipulation. 
Regulation of the Minister of Public Works No.09/PRT/M/2008 defines occupational safety and health 
occupational safety and health is the sense of giving shelter to every person who was at work, related to the transfer 
of raw materials, use of equipment of construction work , the production process and workplace environment. Safety 
and health is to negate the efforts of the risk of loss / injury from an accident and damage to health [4,5]. Law No. 1 
of 1970 is not explained in general terms about the sense of safety and occupational health. According to Davies & 
Tomasin [5], safety and health is free from the risk of injury from an accident in which health problems arise as a 
result of a direct / immediate or in the long term. According to OHSAS [6], safety is free from the risk of an 
unacceptably bad. Safety and health are the conditions and factors that affect the health and well-being of 
employees, temporary workers, contractor employees, observers / guests and others in the workplace. 
Data collection was conducted from project documentation and interviews direct from the source, according to 
Alma & Ridwan [7] used the interview if you want to know the things of the respondents in more depth as well as 
the number of respondents bit. Instruments or tools used in this research are to guide the interview and checklist. 
Preparation of instruments based on indicators that include construction safety includes the safety of workers, the 
environment, the public and property. Each item was scored answers are prepared based on the assessment that 
given the range of low to high values using a Likert scale. This is in accordance with the opinion of Alma & Ridwan 
[7]: “Likert Scale is used to measure the attitudes, opinions and perceptions of a person or group of events or social 
phenomena " .  
This research was conducted specifically on the use of RC Bridge III - Box Girder Bridges Fiscal Year 2004 and 
VI that uses the PC - I Girder Fiscal Year 2006. RC - Box Girder is one type of building upon the bridge where the 
plate floor / slab fused with his logs, the building premises square hole - a hole in the middle (hollow). 
Safe for People Safe for Public 
Safe for Property Safe for Environment 
Construction Safety 
Dimensions 
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 At work pillar, column construction process is done in stages because the column is quite high, so is the work of 
abutments. In particular, earthwork excavation work performed by the rock using explosives (blasting). Due to the 
difficult terrain made it impossible to use heavy equipment to perform the excavation work. 
The bridge structure type VI is a PC -I Girder segmental. Stressing process carried out at the project site that has 
sufficient lay down area for temporary build up of beam girder. For installation of the girder beams, performed using 
an innovative construction method is a method belonging Launching Bridge. This method is used because the 
location of the bridge is considered quite difficult so it is not possible simply by using the mounting girder cranes. 
 
Fig. 2. Launching bridge and the PC-I girder. 
4. Results and discussion 
4.1. Results analysis on blasting 
The results of the evaluation documents and interviews on stage blasting against further construction safety 
dimension in the analysis by looking at the percentage of each indicator can be seen in Table 1. Analysis of the 
results obtained from the 4-dimensional stage blasting safety, it can be concluded: the blasting phase, 
constructability on construction safety is 70% better. Conclusion analysis on blasting can be seen in the chart below: 
 
Fig. 3. Conclusions results analysis construction safety at work blasting. 
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Table 1. Results analysis on blasting. 
DIMENSIONS SAFETY INDICATOR (IND) PERCENTAGE 
A.Worker safety 1: Use of PPE and shelter 73% 
 
2: Fence protector, neck strap and a safety net 67% 
3: SAFETY signs 73% 
4: First Aid 72% 
5: Fire 49% 
B.  Environmental safety 1: Ecosystem Disturbance 59% 
 
2: Disorders / Traffic congestion 87% 
3: Decrease in air quality and noise Increased 43% 
4: Mitigation of landslide after blasting 64% 
5: Decrease  of surface water quality 
 
68% 
 
C. Public safety 1: evacuation blasting area 84% 
 
2: Setting pedestrians and traffic / movement of vehicles 78% 
3: The security fence and the entrance / exit project 48% 
4: Vibration due to blasting 48% 
5: Security for visitors 90% 
D.Safety property 1: Placement Warehouse 86% 
2: Placement of material 90% 
 
3: Placement of equipment 90% 
4: Skills operator 86% 
5: Placement site 57% 
 
4.2. Discussion on blasting 
From some of the weaknesses found in blasting authors provide input at this stage blasting: 
Blasting can cause damage to vegetation and plant communities that are under new roads because the project site 
is located in the area of Forest Reserves and Air Travel White. So it is suggested prior to the blasting work must 
have created an Environmental Impact Assessment study which is discussed in the document regarding estimates 
and evaluation of the impact that would arise as a result of blasting . 
Possible risks in the field of cleaning job is rare trees such as the disruption of Andalas existing trees at the 
project site and workers exposed to falling trees and chain saw that can cause death. If the area to be blasting around 
rare plants, the plants should be moved to a safe area to maintain its sustainability, while the workers are advised to 
wear PPE such as gloves, masks, helmets and safety shoes. Installation of signs ban on entering the area and 
warning signs is very necessary in the location logging, as well as the duty officer. 
In the drilling work is the possibility of the risk occurring air pollution and noise occurs because the drilling is 
done mechanically using drilling equipment drigs. For team officials blasting the risk of drilling machine, drilling 
residual dust and damage to hearing that can cause death, disability, and shortness of breath. So it is suggested 
perpendicular drilling process, where the influence of rock fragments (a flying rock) is not too far away, for officers 
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to wear hearing protection PPE also (ear plugs) and safety shoes. Signs posted around the area of the drilling ban on 
entering the area and warning signs along the next drilling location prohibits officers entered the drilling area. 
At this stage of explosive material filling the possible risks that can happen is that workers breathe dust powder 
explosives that caused the death, disability, respiratory illness and poisoning . If the composition is not right, it will 
cause black smoke (fumes) which can cause respiratory problems. It is recommended at the time of charging must 
be the exact composition of the mixture so that when blasting will produce white smoke (smoke), for workers to be 
careful in entering the explosive material and labour required to wear PPE. After charging the explosives at the hole 
should be installed signs to mark him. For the public prohibition signs posted around the entrance area and warning 
signs along the blasting location further prohibit officers entering the blasting area. Possible risk that occurs when 
checking detonators that have been attributed to explosive engine is the presence of explosive (misfire).  Misfire that 
failure caused the explosion explosive interpreter errors, damage or detonator axis and less fitting explosives with 
environmental conditions. Damage due to exposure by a series of rock fragments from the blast hole too fast before 
because delay can also lead to misfire. Therefore, before blasting should be checked with the tester misfire. 
Traffic is stopped temporarily when the blasting, the possibility of the risk occurring is the onset of congestion. 
Because it's for traffic safety closure of the road at the entrance of Padang and Pekan Baru distance of 500-1000 m, 
to keep from occurring traffic jams when the door is opened. Traffic signs must be adequately supplied and used to 
regulate traffic and police Flagman. 
At the disposal proceeds blasting work to disposal, the possibility of the risk occurring is air pollution and dirty 
streets if the material is taken not covered by tarpaulin. It is recommended before entering the road, wheel dump 
trucks transporting material doused with water and if there is a material scattered in the direct path cleared. Dump 
truck is loaded with a minimum load because the road is quite steep. While the disposal area must be reviewed for 
feasibility to environmental influences, material outcomes blasting large diameter must be broken down before 
discharged into a disposal for the benefit of the surrounding community. 
4.3. Results of analysis of pillar construction 
The results of the evaluation documents and interviews on the pillars of the construction stage of construction 
safety dimension in the analysis further by looking at the percentage of each indicator can be seen in Table 2. 
Analysis of the results obtained from the 4-dimensional phase of work safety in Pilar, it can be concluded on pillar 
work, constructability on construction safety enough that 50% where found several shortcomings. Conclusion 
analysis on pillar work can be seen in the chart below: 
 
Fig. 4. Conclusion results analysis construction safety at pillar construction.  
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Table 2. Results of analysis on pillar construction. 
DIMENSIONS SAFETY  INDICATOR (IND) PERCENTAGE 
A. Safety worker 1: Use of PPE 33% 
 
2: Fence protector, neck strap and a safety net 41% 
3: Scaffolding  and Ladder 61% 
4: First Aid 43% 
5: Fire 46% 
B.Environmental safety  
 
1: Ecosystem Disturbance 56% 
2: Disorders / Traffic congestion 36% 
3: Decrease in air quality and noise Increased 45% 
4: Mitigation of landslide on the slopes of hills and river banks 72% 
5: Decrease  of surface water quality 41% 
C. Public safety  
 
1: Setting and pedestrian traffic 20% 
2: The security fence and road entry / exit project 44% 
3: Security for visitors  70% 
4: Use of the guidelines 62% 
5: Setting the movement of traffic and heavy equipment 50% 
D.Safety property 
 
 
1: Warehouse 74% 
2:  Placement of materials and placement of equipment 69% 
3: Aircraft lifting equipment and transport 60% 
 
4: Expertise operators, training of manpower and personnel safety 50% 
5: Placement site 50% 
 
4.4. Discussion on pillar construction 
The works of pillars is considered as a high risk work because of the height of the pillars reaching 43 meters. 
This study was tried to identify the risks of each work item and how to control them. 
In the iron workshop : Transporting iron , possible risks that will happen is tripping feet and legs slip iron pieces 
that can cause injury. The anticipation is manufacturing land cleared, wetlands drained / backfilled, iron pieces neat 
arrangement does not fall apart, wear safety shoes, made of iron in order to place the remaining pieces are not 
scattered. 
Cutting metal with hand tools or bender and bend iron bars, possible risks that will happen is sandwiched hand, 
severed hands, feet pierced iron, hand blisters which can lead to disability, injury and lost work days. Because it is 
necessary for setting the location of the manual cutting machines and iron were fabricated. Setting the location bar 
cutter machines and fabricated iron should be neat, for workers should wear gloves, work shoes, and adequate 
lighting installed. Using electricity, possible risks that will happen is the power of the workers which can lead to 
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death. For it must be anticipated by making the cable line is at the top, not the socket is stored at the bottom, 
properly insulated cable connections, cable connections are not many. 
Work at the workshop was hauling wood, sawing, and install wood / board. Possible risks that will happen are the 
feet stumble, fall, hand-pinched that can cause injury, inhalation of dust sawdust. To anticipate the lane / spot 
cleaned haul, point / place should be dry freight, using radio communication with the operator (HT), wear safety 
shoes, and wear gloves and a mask. Therefore it is advisable for workers wearing masks, safety shoes, no smoking 
while working, and do not burn pieces / trash timber at the place of manufacturing. 
Formwork Install: Install and unloading Formwork, possible risks that Formwork is crushed, pinched hands, feet 
tripping iron, foot / hand contact with the nail. Because the workers are required to wear PPE such as gloves, safety 
shoes, helmets and using lights lit, installing formwork materials neatly. 
Concrete Work: Supply concrete, possible risks that will happen is hit by a truck and crushed mixer that can lead 
to death, disability and fractures. For it must be anticipated given the distribution of traffic signs for clues, signs ban 
on entering the area at the time of distribution of concrete, reverse light should flash and the alarm should sound, 
there is a guide to entering the site, the guide should use a vest with a striking colour, wear PPE, speeds below 15 
km / h in the area, put up signs traffic signs, put a flag man, inadequate lighting, and the duty officer. Casting 
concrete, the possibility of the risk it is exposed to the concrete, concrete splash of eye contact, overheating which 
can cause skin irritation, eye irritation and dehydration. Because it is required for workers to wear PPE, long sleeves, 
providing water rinse, providing tents and providing drinking water. Concrete treatment, possible risks that will 
happen is by inhalation and skin contact common curing, slip can lead to shortness of breath, itching and minor 
injuries. It is required for workers to wear PPE and stand in the direction of the wind. 
5. Conclusion 
From the research that has been done, it can be concluded:  
Constructability evaluation of the safety of construction on Kelok 9 Bridge Project in terms of the analysis results 
obtained on blasting work is good and the work Pillar is enough. Design projects not yet on the bridge Kelok 9 
experience and knowledge of the construction of safety in terms of construction, this can be proved with the 
requirements specified in the contract documents are not everything can be applied in the field. One of the principles 
of constructability in the operational phase applied to this project is the use of innovative construction methods, for 
example using a launching girder Bridge installation. Barriers or constraints constructability of construction safety, 
especially those found on the bridge project Kelok  9 is a lack of awareness of safety in the field to run, because it 
needs intensive supervision and independent. 
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